A possible way to valorize citrus peels, which are byproducts of the juice 21 extraction industry, is to use them as natural biopreservatives. In this paper we present early 22 results from a compared Solvent Free Microwave Extraction (SFME) with Hydro-Distillation 23 (HD) and Cold Pressing (CP) of essential oils (EOs) using fresh orange peel (Citrus sinensis 24 L. var. Valencia late), a by-product in the production of orange juice in Algeria. The EOs 25 were analyzed by gas chromatography coupled to mass spectrometry (GC-MS). All extracted 26 C. sinensis EOs were chemotype limonene (94.64 to 95.48%). SFME is performed without 27 added any solvent or water. SFME increases EO yield and eliminate wastewater treatment, 28 resulting in a great progress in terms of time and cost efficiency. In its second part, the present 29 study was conducted to evaluate "in vitro", the antioxidant activities of Solvent Free 30 Microwave (SFM) extracted orange EO by using the DPPH• (2,2-di-phenyl-1-picrilhydrazyl) 
free radical scavenging assay. The ability of orange EO to scavenge the free radical DPPH• 32 was high, exceeding 80%. The result of the DPPH assay gives an IC50 range value of 89.25 33 μg/mL (0.09 mg/mL) for the studied sample. Accordingly to the scientific literature, C. 34 sinensis EO tested in the present study presented strong antioxidant activity, when looking to 35 its values of AAI = 1.12 g/mL. The feasibility of biopreservation used EOs as an alternative 36 to synthetic techniques for liquid whole egg (LWE) stored under commercial retail conditions 37 was investigated. The orange EO extracted by SFM was screened for its antibacterial and 38 antioxidant activities in LWE at concentrations of 0.1, 0.3 and 0.5%. The TBA-RS results 39 showed that the EO treatments significantly (p < 0.05) reduced the lipid oxidation in LWE. 40 The long term oxidative, microbial and organoleptical stability of the LWE during display 41 was positively influenced by orange EO treatments. Therefore, the results obtained here In terms of international trade of orange fruits, the main citrus-producing countries, such 54 as Brazil, the United States, China, India, Spain, Mexico, Egypt and Turkey [1] were 55 produced in 2014, 140 Mt of these fruits, about 60% of world production. Algerian favorable for the production of most citrus fruits. 59 Citrus by-product resulting from the citrus processing represents a source of various 60 bioactive molecules such as EOs [3] . Interest in taking profit from waste products of the juice 61 industry, permit to minimize adverse effects of by-products in the environment. Generally, the 62 pharmaceutical and food industries are using citrus oils as flavoring for masking other added 63 ingredients in abundant quantity in the processed product. 64 Worldwide, consumers' enthusiasm for natural products and increasingly severe 65 legislations in respect of synthetic substances, EOs can be a good alternative for the food 66 industry. The citrus EOs and their constituents are suitable for use in foods as biological 67 agents or for their flavor, in pharmaceutical industries for its anti-inflammatory and 68 antimicrobial properties. In addition, great amount of these oils is also used in cosmetic 69 industries. 70 During the last few years, a great expectation for green chemistry was recorded by 71 various industries. Environmentally friendly and low cost ecological extraction techniques are 72 becoming more attractive. Therefore, in recent years, conventional techniques, such as HD, 73 tend to be replaced by various novel extraction techniques, such as microwave-assisted 74 extraction (MAE). This technique is largely focused on finding technological solutions to diminish or even prevent the use of organic solvents in extraction processes to obtain more 76 products with higher added value. Meanwhile, this technique is considered a novel with better 77 extraction yields, decreased extraction times and prevents the degradation of thermolabile 78 compounds and thus prevents the antioxidant activity loss of the plant extract [4] . 79 Recently, LWE is preferred for food industry and for households for his easy and 80 commode use. According to its biological nature, is an easily perishable animal food under 81 conventional cooled storage, its shelf life is limited due to the oxidation and microbial 82 development. Both considered a major concern for food technologists due to the loss of 83 quality associated with those processes [5] . The citrus EOs represents a significant source of 84 bioactive compounds with potential prophylactic properties for the development of functional 85 foods [6] . Generally, to destroy microorganisms in liquid egg products, heat treatments were 86 commonly employed that can improve microbial safety and increase shelf life of products, but 87 can have negative effects on the functional properties of egg proteins, which results in 88 technologically unattractive products [7] . In this scenario, the search for new strategies and 
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Essential oils extraction
116 117 SFME has been performed using the "DryDist" microwave oven illustrated in Figure 1 .
118
In a typical microwave accelerated distillation (MAD) procedure performed at atmospheric 119 pressure, 200 g of fresh orange peels were heated using a fixed power of 200 W for 10 120 minutes. The extraction was continued at 100 °C until no more EO was obtained. SFME is 
GC-FID and GC-MS analysis
141
142
The EOs were analyzed by gas chromatography coupled to mass spectrometry (GC-MS) 143 (Hewlett-Packard computerized system comprising a 6890 gas chromatograph coupled to a 144 5973A mass spectrometer) using two fused-silica-capillary columns with different stationary The ability of the SFM extracted EO to scavenge 1,1-diphenyl-2 picrylhydrazyl Radical 164 (DPPH•) was estimated. Pure EO was dissolved in 5% (vol/vol) Dimethyl Sulfoxide (DMSO), 165 and then EO dilutions were made to obtain different concentrations (50 to 450 g/mL).
166
Aliquots 4 ml of DPPH (100 g/L) methanol solution was taken in a test tube, and then mixed 167 well with 4 ml of EO DMSO solution. Then, the mixture was vortexed using a vortex mixer 168 (Cyclo-mixer) and incubated in the dark at ambient temperature (25 ± 1 ºC) for 30 min. The total LWE obtained were centrifuged at 103  g for 2 min using a Heraeus Percentage inhibition rate (IR%) respect to the control was calculated as follows:
Where C is the number of TBA-RS in the untreated samples (LWE prepared without EO 228 addition: control) and T is the number of TBA-RS in the treated samples. microbial guidelines were also used following the recommendations of Garcia-Gonzalez et al.
263
[16] for whole egg: ~ 6 log10 CFU/mL for total aerobic psychrotrophic counts. replicates. Student's t-test was used to compare the efficacy of EO treatment and to determine 271 any significant differences among the treatments at a 95% confidence interval (p < 0.05). to the extraction time. With SFME, 10 min provides yields comparable to those obtained after 284 3 h by HD. The values obtained are respectively 0.40% for both methods (SFME and HD), 285 and 0.16% for CP ( Table 1 ). The SFME is clearly quicker than its conventional counterparts.
286
The extraction takes 10 min., whilst 1 hour and 3 hours were required by CP and HD, The activity of the C. sinensis EO was found to be dose dependent and the DPPH 
527
The most obvious changes during the storage of liquid egg products are typically related 528 to color. Results concerning orange EO treatments are recorded on 
